This study analysed the potential of applications of geospatial technology in urban planning research in urban morphology. Urban morphology is the study of the form of human settlements and the process of their formation and transformation. It is an approach in designing urban form that considers both physical and spatial components of the urban structure. This study was conducted in Georgetown, Penang with the main purpose to identify the evolution of urban morphology and the land use expansion using remote sensing images and Geographical Information System (GIS) technique. Four series of temporal satellite SPOT 5 J from 2004, 2007, 2009, and 2014 were used to detect an expansion of land use development using change detection technique. Three types of land use were identified, namely built-up area, unbuilt-up area, and water bodies with a good accuracy of above 85%. The result showed that the built-up area significantly increased due to the rapid development in urban area. Finally, the result provided an understanding and strengthened the relationship between urban planning and geospatial applications in creating sustainable and resilient city and future urban governance.
INTRODUCTION
Approximately half of the world population is living in urbanised area, and that number is about to rise in the next decade. Therefore, improving our knowledge on urban pattern and its dynamics at multiple spatial scales is a real challenge for research especially in achieving resilience in urban governance. The understanding of urban growth and interpretation of urban morphology can be a key challenge to the rapid urbanisation of the settlements (Cheng, 2011) . Urban morphology is an approach in designing urban form that considers both physical and spatial components of the urban structure (Bentley & Butina, 1990; Paul, 2008) . The criteria for evolutionary process of development at a particular city, such as plots, blocks, street layout, buildings, urban material, and open spaces, are considered as part of the history.
From the view of classic concepts that develop by M.R.G Conzen which known as pioneer in urban morphology, he divided urban form into three part which are first, town plan, secondly is building fabric and thirdly is land and building utilization (Whitehand,2007) . This concept have become important as a process of urban development and provide an understanding on urban morphology Moreover, urban morphology can change over time as new urban fabric is added and as the existing fabric is internally modified. The changes of internal components are major concerns that represent the interrelation of physical evolution such as economic, cultural, and political dimensions that are associated with urban dynamics (Rashed et al., 2005) .
The urban morphology analysis can be performed by using geographic information system (GIS) and remote sensing technique. These techniques can reveal the relationships among patterns, trends, forms, and structures of urban settlements. These techniques also help investigate the past and present patterns and trends of urban growth. Morphological analysis makes it possible to summarise the changes and trends of urban spatial structure and urban form. As a result, urban morphology analysis requires multitemporal datasets covering the whole urban area across a long period. Stimulated by rapid advances in geospatial technologies, highresolution remotely sensed imagery has become widely available and at a low cost. These advances have made monitoring urban growth possible, and the availability of multiple temporal datasets has very much been improved recently (Liu & Zhou 2005 , Xian & Crane 2005 . Multitemporal analysis is a kind of spatial analysis and model using multitemporal datasets.
Liu and Zhou (2005) report a land use change trajectory analysis method based on multitemporal imagery, and further apply this method for the prediction of urban growth into the future.
Satellite imagery with different spatial resolutions is a real opportunity and is a very relevant data source in this domain. Remote sensing is widely known among urban planners, city planners, and policy makers as a useful tool for extracting biophysical information about urban environment including land cover and land use mapping, urban morphology description and analysis, vegetation distribution and characterisation, hydrography, and disaster relief. This tool is also widely used in the field of natural resource exploration and management. However, little is known about the detection of the subtle relationships between physical appearance of urban landscape and socioeconomic conditions of the population. The data that are currently available from Earth observation systems present an opportunity to collect information about urban settlements at several scales and on several dimensions (Netzband & Jürgens, 2010, chap. 1) , and urban population growth and problems will increase in relevance in the coming decades (Sembler, 2006; Stow et al., 2007; Weeks, Getis, Hill, Gadalla, & Rashed, 2004) . Therefore, it is important to demonstrate how remote sensing tools can contribute useful information to the study of cities and urban settlements. In this context, the objective of this study was to analyse an urban morphology based on urban pattern using integration of remote sensing satellite and GIS techniques in achieving resilience in urban planning governance. This study was performed on an urban area of Georgetown for calibration of feature selection and classification.
STUDY AREA
The study was conducted in Georgetown, a historic city in the state of Penang. Comprises Penang Island and Georgetown, Penang is the heart of the metropolitan area, which is the second largest urban conurbation in Malaysia. The city of Georgetown was established in 1786 by the British and it is the first British port town along the Straits of Malacca. The city has more than 200 years of urban history. In this study, the urban morphology of Georgetown was analysed to understand the trends and patterns of urban form and the expansion of urban growth. The increasing intervention from high rise construction and new developments within the historic urban fabric has given some transformation and evolution in urban morphology of the city (Shuhana et al., 2012) . 
URBAN MORPHOLOGY FOR RESILIENCE URBAN GOVERNANCE
Urban morphology refers to the form of human settlements and the process of their formation and transformation. This morphology occurs based on certain characteristics such as urban fabrics, natural and man-made structures, street layout, architectural complexity, urban materials, and human activities (Sharifah et al., 2013) . These characteristics influence the changes in environment, economy, and social activities of the urban settlement. Besides that, urban morphology analysis can help identify the transformation of urban form development and the evolutionary of urban form and structure (Cheng, 2011) .
Moreover, urban morphology plays a fundamental role in the resilience of urban system. In recent years, the challenge facing most of urban areas is how to accommodate future population and development growth in a sustainable manner. Any of transformation in urban patterns and forms should be taken seriously so that it will minimise the negative impacts towards the environment. In some countries such as Granada, the environment of the city becomes physically degraded, damaged, or even destroyed by the impact of the urban development that follows modernisation. The main issues on urban morphology and planning are still poorly developed.
Thus, the significance of urban morphological study has yet to be realised amongst urbanists (Whitehand, 2004) . Therefore, urban morphology study provides important knowledge to the planner in order to develop any area in a city or even for fringe belt. Lack of interest and awareness in history among the planners and others have prevented them from developing the settlements with systematic urban dynamics. Hence, the responsibility for the built environment is not taken seriously towards realisation of sustainable urban development. Therefore, urban planners need information to allow them to respond to the expectations and needs of the urban growth. The information can help forecast future model of urban settlements (Kalyani & Govindarajulu, 2013) .
Urban morphology study can help in design control through policy. Due to deficiency in policy for design control, urban morphology study can be an important issue and can be considered in developing a method for expressing detailed design policies (Hall, 1997) . The phenomenon of urban morphology on urban system can affect the economy, environment, climate, technology, and others of the entire city or even region. This urban morphology process can be a force that drives demand and change in the policies or strategies in order to shape sustainable and resilient urban form and structure. From this process, all agencies involved in city planning can structure the urban form into a systematic arrangement (Gillen, 2006) .
Understanding the urban morphology in selected area helps decision makers identify the strong or potential asset in the area. In the context of this study, Georgetown is known as a heritage area due to numerous heritage buildings and living cultures. Public agencies and the local authority have taken initiatives to market this city's image to the world. These initiatives give benefit to the city's strategic planning and marketing, and give satisfaction and pride to the citizens (Ismail & Mohd-Ali, 2006) . Besides that, culture diversity in Georgetown has a great contribution towards the morphology of the urban area. By having many cultures in the city, the government could play a role in implementing cultural policies to produce great urban transformation (Pereira & Nofre, 2011) . Thus, the locals and international tourists would understand the morphology of different cultures in Georgetown that has been established since the ancient years.
There is historic and cultural significance worth of preservation for sustainable development in Georgetown. However, uncontrolled development has resulted in the building of new buildings and facades with old buildings sandwiched in between them. Therefore, initiatives should be taken to give life back to the historic city of Georgetown and to regenerate the area. Hence, guidelines and policies on urban conservation must be taken seriously by all parties such as the local authorities, Federal and State Governments, Department of Museums Malaysia, heritage trusts, and other professional bodies (Shahrul et al., 2013) .
MATERIALS AND METHOD

Data and Ancillary Information
Data were collected from primary and secondary sources (see Table 1 ) such as maps and satellite imagery. Land use map of Georgetown and satellite images from Spot 5 J were used in this study. For Spot 5 J, four satellite images (nominally 2004, 2007, 2009, and 2014) were used in order to identify land cover changes in the study area. 2004,2007,2009 & 2014 
Methods
In order to understand the dynamic phenomenon of urban morphology, the basic requirements are information on land use change, urban pattern identification, and computation of change detection. In this study, all this required information was compiled and converted to digital forms, and was readily used in both data processing in Digital Image Processing system and Geographic Information System. Two main Digital Image Processing systems namely ERDAS Imagine and Envi were used in this study. ArcGIS software as the Geographic Information System was also used to generate various thematic layers consisting of Georgetown's administrative boundaries, roads, contours, and administrative boundary map, using urban maps and other available maps.
Overall, five scenes from Spot 5 J were used to analyse the land use change between 2004 and 2014. For all images, there were free clouds. Preprocessing was used to comprise a series of sequential operations including atmospheric correction or normalisation, image registration, geometric correction, and masking (e.g., for clouds, water, irrelevant features). Change detection is the process of identifying differences of a feature or phenomenon in the state by observing the feature or phenomenon at different times. In remote sensing, it is useful in land use or land cover change analysis such as in urban morphology. In this study, the analysis of change detection was carried out. The analysis was used to identify the changes of land cover from 2004 to 2014. Using image differencing involves the subtraction of two images and the addition of a constant value to the result. The analysis of change detection develops an image differencing algorithm as the function, and creates a change detection image as an output. Thus, in this study, from the images, the expansion of the land use and land cover within 11 years was detected. The images were then classified into three namely built-up area, unbuilt-up area, and water bodies in GIS software of ARCGIS 10. The images were also assigned with different colour to differentiate the class to analyse the changes of land use respectively.
RESULTS AND DISCUSSION
Four images obtained from 2004 to 2014 were classified using supervised classification. The images were classified into three classes namely built up area, unbuilt-up area, and water bodies to identify the expansion of land use. The assessment of the classification was carried out based on the classified image in each processing. Table 2 below summarises the accuracy of the assessment of the classification process for each satellite image. An overall classification accuracy of over 85% was achieved during image processing. 
Expansion of Land use (2004-2014)
The expansion of land use can be seen from 2004 until 2014. The images clearly showed that the urban development significantly increased. The expansion of the urban area was mostly towards the Strait of Malacca. The images showed that the town expanded inwards and there was also a series of reclamation extending towards Weld Quay as the new waterfront. Due to rapid changes in Georgetown, unbuilt-up area decreased, thus leading to an increase in the built up area with the increasing intervention from high rise construction and new developments within the historic urban fabric. Hence, these changes brought some transformation and evolution in urban morphology of the city (Shuhana et al., 2012) . Figure 3 shows the development of land use in Georgetown. Due to the development of Georgetown, building plots were increased in order to support the population of people that influx in this city. This lead to the foundation of the street settlement and layout. Every street layout represents different settlement from different religions and ethnicity. The direction of expansion land use or the encroachment of land use were inwards to the inner city of Georgetown and the building plots become more complex when the trading activities become successful.
LEGEND:
Water bodies
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Year 2004 Year 2007 Year 2009 Year 2014 Moreover, the street layout can be categorized according to the background of the people that living in the street. The zones are as below and shown in Figure 4 Only religions and ethnicity background can only be traced based on the people around the street, types of shop, types of goods sold and architecture buildings during site observation. Burke and Ewan (1999) 
CONCLUSION
In this study, the process of development occurring in the metropolitan area, city, town, or village was examined. The study gave basic understanding on how the settlements faced the evolution of development in terms of urban forms and urban spatial structure. Moreover, traditional urban theories investigate how cities develop and grow through systematic interactions of infrastructure, people, and economic activities. With given advances in technology and the sheer scale and pace of contemporary urban growth, the most rapid changes in urban form, pattern, and structure are taking place where historical roots are weakest as in the recent suburbs of long established Western cities, or in the new cities of developing countries. That is how the significance of urban morphology replaces or improves the weakest area to become a more urban dynamic area. The advancement of geospatial technology in studying the urban morphology such as GIS and remote sensing shows that it will help in dealing with spatial problems such as urban planning and management issues. The technology is useful in assisting planners, decision makers, and the community to efficiently respond to challenges, plan successful future, and improve service delivery (Narimah, 2006) . In short, GIS and remote sensing should play more roles in managing, monitoring, and planning land use development in Malaysia. This study could give many parties such as planner, architect, and local authority an incredible capability in decision making processes such as planning, policy making, and legislating law.
